Income is an important socioeconomic characteristic in health research. A strong association between income and health has repeatedly been observed across numerous health outcomes and populations, [1] [2] [3] [4] [5] [6] [7] [8] [9] and efforts to examine social disparities in health rely heavily on measures of income. However, income data are often more difficult to obtain than information on other socioeconomic variables, such as educational attainment. 10 In addition to a number of challenges in measuring income accurately (e.g., problems with recall or with assessing all sources of income over a given time period), respondents may refuse to provide income information because they consider it too private or sensitive or do not know their income.
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A non-negligible proportion of respondents in most large population-based surveys has missing income information. In general, survey data on income are missing for up to one-third of respondents, depending on factors such as the data collection method, the wording of the income question, and the population surveyed. 12, 13 For example, the nationally representative 2003 National Health Interview Survey (NHIS) had family income nonresponse rates (expressed as weighted percentages) ranging from 10% for a twocategory value (less than $20,000, or $20,000 or more) to 33% for an "exact" value. 14 The 2002 state-based Behavioral Risk Factor Surveillance System (BRFSS) had rates of missing income information ("don't know/not sure" or refused responses) ranging from 8% in California to 33% in Hawaii (mean 13.8%, median 12.6%). 15 Researchers analyzing data typically handle missing income information in one of three ways: (1) excluding observations with missing income information, either by deleting the observations prior to analysis or by dropping them when statistical procedures include income; (2) using "missing information" as one of the income categories; or (3 ) using various techniques to impute income based on other individual-or geographic-level information on the participants. [16] [17] [18] [19] These methods, however, are often applied without careful consideration of their implications. Deleting observations with missing income results in less precise estimates due to decreased statistical power, 20 and estimates may be biased if respondents with missing income are not a random subset of the original sample 21 but instead are clustered within particular social subgroups, for example, by socioeconomic status/position (SES), race/ethnicity, and/or nativity.
A few studies have reported on the characteristics of survey participants with missing income information. Findings from an Australian national study that explored nonreporting of income within a population of adults who said they had incomes from at least one source 13 suggested that individuals in higher SES groups were less likely to report income. In contrast, a Canadian study of adolescents found that those with missing household income information were less likely to reside in high-income neighborhoods. 22 In the 1987 through 1994 NHIS, respondents with missing income information in general resembled lower SES individuals (based on educational attainment and occupational status), were older, and were more likely to live in socioeconomically disadvantaged neighborhoods, compared with those who reported income. 23 A study on cardiovascular health behaviors among youths aged 12 to 21 years found that those with missing income information had higher smoking rates compared with those who reported income. 24 Some evidence suggests that childbearing women with missing income information may be more likely to have unintended pregnancies, delayed or no prenatal care, and no intention to breastfeed. [25] [26] [27] Taken together, these findings suggest that excluding records with missing income information from analyses may bias study results; however, we found no studies in the published literature that systematically examined how survey respondents with missing income information differ from others across a range of reported income levels with respect to other SESrelated characteristics. To focus specifically on the implications of dropping income nonrespondents from analyses, we used data from a statewide populationbased survey of postpartum California women that classified respondents into detailed income categories, and compared women with and without reported income data with respect to other SES-related individual-and neighborhood-level characteristics. California's rich cultural and ethnic diversity made it possible to make these comparisons both for the surveyed population overall and within groups defined by race/ethnicity and nativity. partum survey developed by the Centers for Disease Control and Prevention (CDC). Each year, a stratified random sample of 5,000 postpartum women is identified for MIHA using birth certificates. African American women are oversampled because of particular concern about their adverse birth outcomes and to obtain an adequate sample size. The MIHA sample appears representative of California's maternity population; characteristics of sampled women (weighted to reflect the sampling frame) correspond closely with those of all women with live births statewide.
Women from the sample are mailed a selfadministered survey; researchers attempt to contact and conduct phone interviews with women who do not respond by mail. Response rates overall have been 70% or higher annually. MIHA collects data on a wide range of sociodemographic variables, use of care, health-related behaviors and attitudes, and risk factors for adverse birth outcomes. The survey data are linked with birth certificates and with 2000 U.S. Census data to characterize the neighborhoods (defined here as census tracts) in which respondents resided at the time of delivery. Detailed information about MIHA has been published elsewhere 25, [28] [29] [30] [31] and is available at http://www.ucsf.edu/csdh. This study used MIHA survey data from 1999 to 2004 with a total of 21,269 respondents who completed the survey.
Variables
Income. From among 20 detailed income categories (e.g., categories in the 2004 survey ranged from $0 to $12,000 and $12,001 to $15,000 at the lowest end to $99,001 to $111,000 and $111,001 or more at the highest end), each MIHA respondent was asked to choose the category that most closely matched her total family income during the calendar year preceding the index birth, including before-tax income from all sources (jobs, welfare, disability, unemployment, child support, interest, dividends, and support from family members). The detailed income categories were defined to correspond with cutoff values reflecting Federal Poverty Guidelines for family sizes from two to seven. If the respondent could not select one of the annual income categories, she was asked to provide her family's average monthly income during the previous calendar year and was then assigned to the corresponding annual income category. The midpoint for each income category and the number of people supported by that income were used to calculate each respondent's income as a percentage of the federal poverty level (FPL) corresponding to her family size.
Conforming with eligibility criteria for government- • Maternal education. The highest grade or year of school completed by the respondent (from MIHA data) was categorized into four mutually exclusive levels: less than high school graduate, high school graduate or General Educational Development (GED) certificate, attended some college without graduating, or college graduate.
• Parity. The respondent's total number of live births including the index pregnancy (from birth certificate data) was grouped as 1, 2 to 4, or 5 or more total births.
• Marital status. The respondent's marital status at the time of the index birth (from MIHA data) was categorized as married or unmarried (living with someone as married but not legally married, separated/divorced/widowed, or never married).
• Delayed or no prenatal care. Respondents who initiated prenatal care after the first trimester or had no prenatal care during the index pregnancy (from MIHA data) were categorized as having had delayed or no prenatal care.
• Neighborhood poverty. Residential addresses from linked birth certificates were geocoded to the census tract level (approximately 4,000 to 8,000 people per tract) using Centrus Desktop software. 32 Geocoding was successful at the census tract level for 97.5% of addresses. The proportion of residents living in poverty (at or below 100% of the FPL) in the woman's census tract of residence was obtained from the census data; women residing in a census tract with more than 20% of residents living in poverty were categorized as living in a poor neighborhood. Neighborhood poverty was available in MIHA for 1999 through 2003 only (n517,725).
Statistical analyses
We first examined whether the proportion of women with missing income information varied with race/ ethnicity/nativity and with each of the individual-and neighborhood-level SES-related characteristics in the overall sample, using Chi-square tests to assess statistical significance with an alpha level of 0.01 to account for multiple comparisons. We repeated this process for each race/ethnicity/nativity group separately.
Focusing next on four race/ethnicity/nativity groups where differences in characteristics between respondents with and without income information were most apparent, we examined the distributions within each group of five selected maternal characteristics (high school/GED or less education, mother's age at delivery less than 20 years, unmarried at delivery, delayed or no prenatal care, and living in a poor neighborhood) across six income categories (0%-100%, 101%-200%, 201%-300%, 301%-400%, 401% or more of the FPL, and missing income) in the group overall and comparing women with missing income information with women in each of the five reported income groups. Statistical significance was assessed with Chi-square tests.
Finally, to examine possible implications of excluding the missing-income group from analyses, we compared distributions of income and the other characteristics (which are widely established risk factors for a range of maternal and infant health outcomes) in the overall sample, including and excluding women with missing income information. All reported results are weighted unless stated otherwise. All analyses were performed using SUDAAN software to address the effects of the weighting and clustered survey sampling design. 33 Women with unknown maternal age (n54, 0.02%), education (n585, 0.41%), parity (n512, 0.06%), marital status at delivery (n5120, 0.57%), and timing of prenatal care initiation (n5760, 3.64%) were excluded from the analyses.
RESULTS
Income information was missing for 9.4% of MIHA respondents overall (Table 1) , with significant variation across race/ethnicity/nativity groups, ranging from 3.2% among American Indians to 13.6% among Latina immigrants (Table 2 ). Significant differences were also evident in the overall sample comparing the selected maternal characteristics between women with and without income information (Table 1) . Respondents with missing income appeared to be younger, less educated, and of lower parity, and were more likely to be unmarried, to have received delayed or no prenatal care, and to reside in poor neighborhoods. (While many of these differences may reflect the younger age of women in the missing-income group, most-with the exception of differences in marital status-were also apparent when we restricted the sample to women who were 20-34 years old [data not shown, available on request].) When examined separately by race/ethnicity/nativity, these general overall patterns were also observed among U.S.-born African American women and European American women and both U.S.-born and immigrant Latina women (Table 2) .
Focusing on the four race/ethnicity/nativity groups (U.S.-born African Americans, U.S.-born European Americans, U.S.-born Latinas, and Latina immigrants) in which women with and without income information appeared most different, we found that income was generally related to the other characteristics in expected ways (Figures 1 and 2) . In most cases, the prevalence of the examined risk factors decreased with increasing income, illustrating an apparent inverse income gradient in risk profile. Figures 1 and 2 also illustrate where the prevalence of a specific characteristic observed among women with missing income information appears to fall on the gradient. Among U.S.-born African American women (Figure 1 , Panel higher among women with missing income compared with women in the highest income group. Table 3 shows the distributions of income and SESrelated characteristics in the samples with and without inclusion of women with missing income information. In addition to differences in the income distributions of the two samples, differences were also evident in the proportions of Latina immigrants, mothers aged 15 to 17 years, and women with less than high school education.
DISCUSSION
The results presented here reveal that women with missing income information do not represent a random sample of the total maternity population in California. The findings refute a common assumption that survey respondents with missing income information are likely to be higher-income individuals who refuse to report their incomes because of confidentiality concerns. 13, 34 For most of the characteristics we examined, MIHA respondents with missing income information more closely resembled income-reporting women in the most vulnerable socioeconomic groups, both in the overall sample and within particular racial/ethnic/nativity groups. Among U.S.-born African American women and both U.S.-born and immigrant Latinas, the maternal characteristics of the missing-income group were similar to-or indicated even more adverse social risk profiles than-those of women in the lowest reported income groups.
These findings suggest that potentially serious bias may occur when researchers exclude survey respondents with missing income information from analyses before considering their other characteristics. We found, for example, that excluding MIHA respondents with missing income data would lead to underestimates of the proportion of women (and thus their characteristics and associated outcomes) in more vulnerable groups. The number of records involved is not negligible. Nearly one in 10 MIHA respondents in this sixyear sample did not report income information, either because she chose not to answer the income question or because she did not know her family income. This proportion is similar to that seen among respondents in other statewide population-based postpartum surveys: for example, among PRAMS survey respondents in 17 states during 2000-2001, income information was missing for 11.7% (Braveman et al., unpublished findings).
The potential bias of excluding participants with missing incomes is not limited to surveys of postpartum women. In ancillary analyses of BRFSS data from 2004 Figure  2 , Panels a and b, respectively), the prevalences of risk characteristics among women with missing income generally were most similar to those observed among poor and near-poor women. Among U.S.-born European American women, however, women with missing income information appeared to more closely resemble the moderate-income groups (Figure 1, Panel b) . In each of the four race/ethnicity/nativity groups, however, rates of every risk characteristic were significantly Women with and without reported income differed significantly by maternal age (p0.0001).
c Women with and without reported income differed significantly by maternal age, education, parity, and marital status (p<0.0001).
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Women with and without reported income differed significantly by maternal age (p0.0001), education (p0.001), parity (p0.0001), marital status (p0.01), and timing of prenatal care initiation (p0.001).
e Percent of weighted sample differed significantly by race/ethnicity/nativity groups (p0.0001). examining shifts in overall distributions of key demographic and socioeconomic characteristics, excluding respondents with missing income information resulted in underestimation of the relative proportions of respondents in younger (18-24 years) and older (.65 years) age groups and in the group that had not completed high school. This exclusion also led to an overestimation of the proportion of college graduates (data not shown, available upon request). Income is only one dimension of socioeconomic position; educational attainment, occupation, and accumulated wealth, for example, are also important. Income can vary over time, and measuring income at one point in time may not capture potentially important health effects of income dynamics. Accumulated wealth can buffer temporary income changes, and wealth varies markedly across different racial/ethnic and other social groups. 34, 35 Despite these limitations, measuring income is important and inaccurate estimates of income distributions could affect a wide range of research findings. Given additional challenges inherent to income measurement, such as frequently high refusal rates and under-or overreporting of income, efforts are needed to improve the quality as well as response rates for income measures in surveys. Income questions in MIHA were developed carefully to permit estimation of a range of poverty status categories, including more categories than have generally been studied in other population-based U.S. surveys. We thus had a unique opportunity using MIHA data to compare the characteristics of survey respondents who had missing income information with those of women across a range of income levels, both in the overall sample and within race/ethnicity/nativity groups.
CONCLUSION
In conclusion, state-representative postpartum respondents in California with missing income information do not appear to be a random sample of all income groups in the survey population. In addition to reducing statistical efficiency, excluding respondents with missing income information from analyses (whether or not income is a variable of interest) can also bias results. This can present a serious problem in public health research that informs resource allocations and policy decisions, particularly if-as found here for the overall sample and among U.S.-born African American women and Latinas-those with missing income information are characterized by greater social disadvantage.
We recommend that researchers, at minimum, carefully examine characteristics of respondents with missing income information before deciding how to address their records analytically. Unless those preliminary comparisons show that the group with missing income information is likely to be a random sample of the entire study population, we recommend routinely including a separate income category of respondents with missing income information in all analyses or employing a multiple-imputation methodology to ensure that their other characteristics are reflected in study conclusions as well as to obtain more accurate estimates of income distributions. These concerns related to missing information may extend to other variables when (1) the variable is likely to be associated with the outcome of interest, (2) information is missing for a substantial proportion of subjects overall, and (3) individuals with missing information are differentially distributed across subgroups defined by other important variables in the study.
